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 Geotechnical data mapping is important during the pre and post civil engineering construction particularly near 
or inside the geohazard area. Subsurface ground instability reflects difficulty of engineering investigation task 
especially to determine the possible subsurface ground instability zone for rehabilitation, maintenance and 
monitoring purposes. This study applied a seismic refraction method to investigate a geotechnical data for 
preliminary geotechnical and engineering geology assessment due to subsurface ground instability. The method 
used a concept of seismic waves generated by one of several types of energy sources and detected by arrays of 
sensitive devices called geophones. The data was processed by Optim software for generating subsurface velocity 
distribution (primary velocity, vp) and interpretation with supported by existing borehole information. The 
result obtained three main velocity layers with possible subsurface ground instability zone which consisted of top 
soil/residual soil (350 – 600 m/s) 0 – 4 m, weathered zone with a possible mixtures of soil, boulder and rock 
fractured (500 – 1900 m/s) 2 – 23 m and fresh rock/bedrock (> 2300 m/s) from 6 m depth. The thickness and 
width of subsurface ground instability zone varies within the survey line from 3 – 20 m and 75 m respectively 
with a primary velocity of 700 – 1800 m/s. The seismic refraction survey produces a good relationship results 
compared to the borehole information in term of stratigraphy and geomaterials features. This study proved that 
the seismic refraction method was a good geophysical technique to be integrated in geotechnical mapping 
assessment since its covers a large area which extends the borehole data. The application of seismic refraction 
method can increase the effectiveness of geotechnical data in term of cost and time since it can determine the 
subsurface information in two dimensional (2-D) profiles rapidly by employing fewer workers compared to 
others conventional mapping techniques. In addition, this geophysical method used a surface technique that can 
reduce the site damageability during the data acquisition stages which can contribute the development in a 
sustainable build environment.  
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1. INTRODUCTION 
 
Geotechnical data is an important parameter in 
contributing the design and construction of civil 
engineering structure. For post construction and 
forensic investigation, the geotechnical data plays 
a major role as an input used for monitoring, 
maintenance and rehabilitation purpose. It involved 
several stages such as mapping, sampling and 
laboratory testing. In mapping or investigation 
stages, the objective and interest was a subsurface 
feature such as number of layers, lithology, 
geomaterials, water table and SPT value. 
According to Clayton et al., (1995), the foremost 
conventional geotechnical site investigation 
method for subsurface profile exploration is the 
application of boring (light percussion drilling, 
power augering and washboring), drilling (rotary 
drilling and coring), probing (Mackintosh probe, 
dynamic probing) and examination in-situ (trial 
pitting, large bored shafts, tunnel and drifts). The 
problems in most boring and drilling method 
encounter when the area of the investigation was 
large which will increase the number of borehole 
thus increasing money and time of the project. 
Furthermore, the information obtained was a single 
point data and the interpolation between a large 
boreholes spacing can lead to increase the degree 
of uncertainties of the subsurface profile 
investigated (Abidin et al., 2009; Godio et al., 2011 
and Mauritsch et al. 2000).  
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The solutions to these challenges will require 
multidisciplinary research across the social and 
physical sciences and engineering (Fragaszy et al., 
2011). The alternative method from 
multidisciplinary field is growing popular since it 
can enhance the efficiency of cost, time and the 
quality of their researches. Hence, this study 
proposed a seismic refraction survey from one of 
the geophysical method for mapping a 
geotechnical data in Kundasang, Sabah. This 
method used a surface technique that can imaged 
the subsurface profile in two dimensional (2D) 
perspective and reduce the ground damageability 
thus creating a sustainable environment during the 
mapping stages. According to Clayton et al., 
(1995), although the method requires a ground 
contact, it remains minimal and damage to the site 
will normally be negligible. Several advantages of 
the geophysical method with particular references 
to seismic refraction method were due to its 
efficiency in term of cost, time and environment. 
According to Lee (2002), geophysical tests in 
soil/rock exploration are usually low in cost. Field 
time is usually short and ranges from one to three 
days for most projects (Cornforth, 2005). As stated 
by Liu and Evett (2008), geophysical methods can 
be implemented more quickly and less expensively 
and can cover greater areas more thoroughly. 
Geophysical methods are generally less expensive, 
less invasive and less time consuming; they 
provide a large-scale characterisation of the 
physical properties under undisturbed conditions 
(Godio et al., 2011).  
The basis of seismic refraction investigation is 
measuring the time taken for a wave to travel from 
one location to another location. The time taken 
however is a function of elastic modulus of the 
material from which the wave travels. This method 
used the Snell’s law principle towards the seismic 
waves and was used to study the layers below the 
earth surface. Waves travel in medium 
(soils/rocks) will follow the elastics characteristic 
through all directions and produced reflection and 
refraction. At a certain distance, the motion of 
wave’s particle will be recorded as a time function. 
From these, the layers and structures in the 
subsurface will be determined. However, the 
success of geophysical methods largely depends 
upon the presence of a significant and detectable 
contrast in the physical properties of different 
lithological units as the seismic P-wave velocity 
normally was affected by the lithology, porosity 
and interstitial fluids of the materials (Israil et al., 
2004). In addition, the standard performance of 
individual geophysical methods always depends on 
fundamental physical constraints, e.g. penetration, 
resolution, and signal to-noise ratio (Mauritsch et 
al. 2000). 
 In this study, seismic refraction survey was 
used in mapping a geotechnical data due to the 
subsurface ground instability specifically at 
Sekolah Menengah Kebangsaan (SMK) 
Kundasang, Sabah. The main cause of the 
instability occurred are due to the geohazard factor 
by the presence of geological structure such as 
fault, joint and other discontinuities. The seismic 
activity occurred in the past has also triggered the 
landslide and instability zone in this area. Besides 
of mapping the subsurface profile, this study also 
try to map the geometry of the potential subsurface 
instability zone. According to Bogoslovsky and 
Ogilvy (1978), geophysical methods have also 
been used to identify the location of ground 
damage caused by a landslide slip surfaces. Based 
on Cornforth (2005), seismic lines can be an 
attractive alternative to borings when access is 
difficult and/or the landslide covers an extensive 
area. Seismic refraction is mainly used to 
investigate geological structures near the surface. It 
has been employed not only to find out the depth 
of bedrock and the seismic velocity of layers but 
also to investigate gravitational slope deformation 
Ferrucci et al., (2000). In application to ground 
damage such as landslides, seismic refraction 
method will detect the reduction of stiffness or 
rigidity of the sliding mass relative to the 
underlying undisturbed sediments or bedrock 
(Cummings and Clark, 1998). The velocity drop or 
decreased will give some indicator regarding the 
presence of weakness zone. According to Palmer 
& Weisgarber (1988), the drop of velocity may be 
a function of the factors such as the sediments 
undergo expansion upon shearing which can 
increased the water content and porosity, the 
presence of shear planes in the upper mobile zone 
caused by a groundwater barriers and alteration by 
leaching and groundwater through weathering. 
 According to Komoo and Lim (2003), ground 
instability with particular reference to landslides at 
Kundasang was probably occurred since 1994 and 
keep on moving slowly (a few mm to cm per year) 
and periodical (large movement form a few mm to 
m in short duration). A new movement was 
recorded on their last visit in January 2003 which 
saw a widening and displacing of tension crack. 
Hence, this area was identified as an active ground 
movement and a continuous data collection is 
needed for precaution and monitoring purposes as 
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based on Israil et al., (2004), that the definition of 
landslide prone areas and the preparation of 
landslide hazard zonation maps are very important. 
Hence this study conduct the seismic refraction 
survey for mapping a geotechnical data and 
subsurface ground instability zone specifically at 
north-east (NE) area of SMK Kundasang. 
 
 2.     METHODOLOGY 
 
2.1    Study area and Geologic setting 
 
This study is located along the bank of Kundasang 
Valley on the southeast side of Mount Kinabalu. 
Generally, the site study has mix topography of 
undulating hilly terrain and surrounded by a 
developing town and village near the foothill of 
Mount Kinabalu. This study was conducted at 
Kundasang, Sabah area specifically at SMK 
Kundasang, Sabah.  
Generally the geology of Kundasang was from 
a Tertiary Sedimentary rock as known as Crocker 
and Trusmadi Formation and the boundary of both 
formations was separated by a fault (Jacobson, 
1970 and Komoo and Lim, 2003).  Trusmadi rock 
formation obtained here is a thick sheared black 
argillaceous which consist of a lens of grey 
sandstone in different sizes. According to Komoo 
and Lim, (2003), SMK Kundasang was located on 
two layers of geomaterial. The first layer consist is 
thin to medium grained sandstone interbedded with 
light mudstone while the second layer consist of 
black argillaceous rock (mainly shale) with a little 
sandstone and mudstone. 
 
 2.2     Equipment 
 
The seismic refraction equipment consists of three 
main components which is source, detector and 
record. The seismic source was generated by a 12 
pound of sledge hammer (hammering on a striker 
plate). A 24 channel of 28 Hertz vertical geophone 
was used as detector while ABEM Terraloc MK-6 
Seismograph was used to record the seismic signal. 
The raw data measured on site was analyzed and 
interpreted by Optim software. 
 
 2.3     Data Acquisition and Processing  
 
The spread line (SL) was selected based on the 
research objective and interest (normally nearest 
possible to the existing borehole within a critical 
ground damage zone observed). Then, a total of 
twenty-four (24) geophones are fixed on the 
ground surface and connected with a two seismic 
land cables with total of twenty-four (24) take out. 
These seismic cables are used for sending the 
velocity signal from each geophone to the 
seismograph to record the seismic signals. After 
setting up the instrument, the operator adjusts the 
digital seismograph and confirms the stand-by of 
the shooter. The operator monitors the noise 
condition on seismograph (for example, noise 
caused by moving vehicles, vibrating machinery 
etc) and instruct the shooter for hammering 
(creating a source) during the lowest 
possible/acceptable noise. The seismic wave 
travels down and along the different refractor 
boundaries. Only critically refracted waves are 
concerned in this survey. The refracted energies 
are detected by the geophones. After that, it is 
converted to digital signals before storing in the 
stacking memory. The seismograph amplifies the 
electrical signal from several thousand to several 
ten thousand times and recorded the results in the 
floppy disk as the waveform data. When the trace 
is analysed, a record is stored in floppy disk for 
further processing. This study applied a two offset 
shots, two end shots, and three center shots for 
efficient processing. The seismic spread lines used 
5 m of geophone spacing interval for SL 1 and SL 
2. Data processing can be done by transferring the 
raw data from ABEM Terraloc MK-6 to the 
computer. The data analysis was carried out by 
utility software that available for generating the 
model of the subsurface profile. The software used 
in this study is OPTIM which consist of 
SeisOptPicker and SeisOpt@2D processing. 
SeisOptPicker was used to pick the first arrival (P-
wave) while the SeisOpt@2D software used to 
calculate velocity and depth thus generating the 
velocity distribution representing the model of the 
subsurface profile studied.  
 
3.    RESULTS AND DISCUSSIONS 
 
Two spread lines representing spread line 1 
(North-South: NS) and spread line 2 (East-West: 
EW) with total length of 230 m were conducted at 
North-East region of SMK Kundasang during the 
data acquisition stages and the results was given in 
Figure 1 and 2. Generally, it was found that there 
are three major layer of velocity representing three 
types of geomaterial with different characteristics. 
Summary of primary velocity (vp) value which 
related to this study area as reported by previous 
researcher was given in Table 1. 
North – South (NS) Zone 
 
Two spread lines were conducted in this area 
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Table 1. Typical primary velocity (Vp) of some of the earth materials 
Description Primary velocity, m/s (vp) 
Soil (McCarthy, 2007) 250 – 600  
Sandstone (McCarthy, 2007) 1500 – 3000 
Shale (McCarthy, 2007) 1200 – 3000 
Hard rock (McCarthy, 2007) Above 2400 
Rock, weathered, fractured, or partly 
decomposed (Peck et al., 1974 and Lee, 2002) 
610 – 3048 
 
 
 
representing spread line 1 (North-South: NS) and 
spread line 2 (West-East: WE) as given in Figure 
1 and 2. According to 2-D primary velocity (vp) 
analysis obtained from Figure 1, the subsurface 
profile consist of 3 undulating layers with a 
maximum penetration depth of 25 m. The first 
layer was identified as unconsolidated material of 
residual soil consists of soil with some pore/voids 
within the layer. The thickness of this layer varies 
from ground surface to 2 m depth with a velocity 
of 350 – 600 m/s. The second layer consists of 
two zones which is highly to completely 
weathered zone and moderately weathered zone 
with a velocity from 500 – 1900 m/s and of 
varying 2 – 23 m from the ground level. The 
material in highly to completely weathered zone 
consists a mixture of corestone and soil (500 – 
900 m/s) while a moderate quality of rock mass 
consist of rock with a fractures and small  
 
 
percentage of soil (900 – 1900 m/s) was present in 
a moderately weathered zone. The third layer was 
interpreted as slightly weathered to fresh bedrock 
with a velocity greater than 2300 m/s. The 
thickness of this layer varies from 8 to 20 m and 
perhaps deeper. 
 A possible weak zone with a low velocity zone 
was identified in velocity of 700 to 1800 m/s. This 
zone is suspected to present a fractured/fault 
because its low velocity compared to the lower 
part of the structure with a high velocity higher 
than 3000 m/s. This zone can possibly relate to an 
existence of a slip surface zone that caused a 
ground movement apparent the ground surface. 
The depth of this weak zone was detected to be at 
3 m to 20 m from the ground surface and occurred 
locally in several parts within the survey line. This 
localized failure can possibly interconnect to be a 
major slip surface with a minimum length of 100 
m. 
 
 
 
 
 
 
 
Fig. 1. Spread Line 1 in North-South (NS) alignment 
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Fig. 2. Spread Line 2 in East-West (EW) alignment 
 
 
The seismic refraction results conducted were 
compared and correlated with a previous 
researcher (Komoo and Lim, 2003). Comparison 
was made based on borehole cross section A-A as 
given in Figure 3 and primary velocities from 
McCarthy, (2007) and Peck et al., (1974). As 
reported by Komoo and Lim (2003), slip surface 
zone (ground damage) was located at depth of 15 
– 20 m from the ground surface based on borehole 
data such as standard penetration test (SPT), 
inclinometer and geology condition at the area. 
From this study, it was found that the possible 
subsurface ground damage zone (fracture, fault, 
joint or slip surface) observed in this study was 
located at 3 – 20 m depth with a 75 m width along 
100 m minimum length of several localized slip 
surface in the South-West zone. The variation of 
damage zone and depth obtained from this study 
then previous may occur because of the present 
subsurface materials has already being altered by 
an additional weathering process. This study was 
conducted seven years after the past researchers 
complete their studies. According to Dearman et 
al., (1995), major new fractures may form or be 
extended, incipient fractures may lose tensile 
strength and the discontinuities rock wall may 
weaken, leading to reduce shear strength and 
stiffness. Water can easily infiltrate underground 
thru surface crack/failure of structure or ground 
tension crack exist hence will intensively attack 
and weaken the subsurface geomaterial especially 
by chemical weathering process. Chemical 
weathering below surface takes place via water 
movement through mass and materials that may 
passes thru joint, fractures and other 
discontinuities and the distribution of mass 
weathering may reflect both minor and major joint 
set spacing and orientation and the presence of 
faults (Currey, 1997). The weathered fractured 
materials can be disintegrate and decomposed into 
a fine grained materials such as mineral, sand, 
clay, silt, etc. that can filled an existing joint and 
fractured. Hence this condition are also may 
contribute to a different subsurface primary 
velocity obtained. For example a compacted 
infilling materials can increased the velocity 
structure value compared to the porous and loose 
materials. The main factors that cause ground 
damage in SMK Kundasang was identified based 
on this area that lies on a regional landslides 
system of Kundasang’s Landslides Complex as 
reported by Komoo and Lim (2003). Furthermore 
earthwork history involving cut and fill materials 
on the original ridge topography area may also 
contribute to weaken the ground foundation in a 
long term condition since water flow, soil and 
rock condition was already disturbed and altered. 
According to Cornforth (2005), cut slopes made 
through sedimentary rock may pass through hard 
rock, partly fully cemented sand, clay and shale 
etc. and differential weathering may erode the less 
resistance rock layers undermining the slope 
above over a period of years to allowed seepage 
process that can accelerate the weathering and 
Abidin et al. 
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Table 2. Configuration and findings from Seismic Refraction survey at SMK Kundasang, Sabah 
 
 
 
 
 
 
 
 
Fig. 3. Subsurface cross section of damage zone with particularly slip surface at SMK Kundasang [14] 
 
 
erosion between two layers of different 
permeability in landslides are the result of 
differential weathering. The current topography of 
SMK Kundasang area was a low gradient 
undulating area starting from the high part at 
South-West zone to the lower part at North-East 
zone. Hence the water will flow and weaken the 
subsurface geomaterial according to this current 
topography direction. The situation can be worse 
during a heavy rainfall with the surface runoff 
permeating underground thus increasing the 
groundwater level in saturated condition and 
increase the soil mass. According to Lee (2002), 
the intense rainfall will raise groundwater level 
rapidly condition to the ground surface and this 
would result in a sudden increase in pore pressure 
which would reduce the shearing resistance of 
geomaterial and finally lead to a failure. 
Geophysical methods, like seismic, are well suited 
for carrying out the structural study of landslides 
and understanding their internal mechanisms 
(Grandjean et al., 2011). 
The effect of geological structure is also 
regarded as one of the several factors that 
contribute the damageability condition in 
Kundasang area especially during an earthquake. 
As reported by Morpi (2011), the entire district of 
Kundasang has been exposed to minor earthquake 
tremor and continuous translatory soil movement 
that contributing to frequent landslides in the area. 
This seismic activity has affected structural 
geology in several areas in Sabah including 
Kundasang. Kundasang was located at the 
intersection of regional fault zone of Quaternary 
age as reported by Tjia (2007). Locally 
Kundasang is located near to the Lobou-lobou 
fault line which is considered as a part of the 
Crocker fault zone in northern segment that 
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intersect with another regional Mensaban fault 
zone. According to Tjia (2007), Lobou-lobou fault 
segment is a currently active fault with a sinistral 
displacement. Mass movements in SMK 
Kundasang can easily be observed through ground 
damage by an existing fault, tension crack and 
fractured or failure of manmade structure. The 
Trusmadi rock is one of the unstable geomaterial 
present identified as one of the root causes of 
widespread and continuous mass movement in 
Kundasang area (Tjia, 2006). Morpi (2011) also 
reported that a study conducted by the South East 
Asia Disaster Programme Research Institute 
(SEADPRI) and the Malaysian Minerals and 
Geoscience Department already confirmed that 
Kundasang has a sensitive, fragile and complex 
geological system. 
 
 4.  CONCLUSION 
 
The geotechnical data with particular reference to 
subsurface geometry based on primary velocity 
distribution of SMK Kundasang has determined 
by analyzing seismic refraction data obtained 
along the NE zone. The prediction of shape and 
depth of the subsurface ground instability which 
caused ground damage are easier and cheaper than 
with conventional borehole method. The 
mechanics and physical characteristics of the 
landslide can be easily recognized. Zone 
investigated consist of three layers as known as 
completely weathered (Grade V) to residual soil 
(Grade VI), moderately weathered rock (Grade 
III) to highly weathered (Grade IV), and fresh 
bedrock (Grade I) to slightly weathered (Grade 
II). The range of velocity of first layer was 350 – 
600 m/s consist of unconsolidated material with 
varies thickness of 4 m from the ground level. The 
second layer velocity range was from 500 – 1900 
m/s which contain a weathered rock and ground 
damage/weak zone. Average thickness for second 
layer was at 2 – 23 m. The third layer velocity 
was greater than 2300 m/s which considered as 
bedrock with various thickness depths of 6 – 24 m 
depth. The possible weak zone velocity was 
detected in the range of 700 – 1800 m/s with 
different thickness from 3 – 20 m and 75 m width 
with a minimum 100 m length. This weak zone 
showed some relationship to an existing of ground 
damage such as slip surface, fault, joint, fractured 
or other discontinuities. All the subsurface layer 
and weak zone is continuously weathered due to 
an exposure to weathering agent such as air and 
water. This geophysical method can be applied in 
our sustainable ground investigation since it can 
reduce time, money and compliment the borehole 
results especially by its 2D surface technique of 
investigation. The application of seismic 
refraction method was effectively being applied 
for mapping of geotechnical data with particular 
reference of shallow subsurface profile.  
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APPENDICES
 
 
 
Fig. 4. Location of spread line (SL) in SMK Kundasang, Sabah 
 
 
 
 
Fig. 5. Location of spread line conducted (NE Zone) with some of the geodynamic 
mapping in SMK Kundasang (modified after Komoo and Lim, 2003) 
 
